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La actual transicion energética tiene antecedentes...
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All the people in the world

Each country’s size represents the size of the population in 2018.
Each square (») represents 500,000 people.
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Fuente: Fostering Effective Energy Transition, 2023 Edition.
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The Commonwealth of Independent States witnessoed an
Improvement in aggregate ETI scores by 11% over the past decace.
But #is system performance scores dedined last year with an increase
In subsicies and high gas prices. In the last 10 years, the group
witnessed a jJump of 22% In tranaition readiness scores, but that was
Imited 1o only 1.5% in the last year. The contribution to the large
ncrease comes from significant iImprovement within dlean energy
jobs over the decade, providing hope and employment for a prepared
green workiorce. In the future, the group should focus on Improving
enargy affordabiity for its consumens and reducing fuel subsidies,
which grew by a huge 17% In the last year.

Over the past decade, the ETI scores of acdvanced
SCONOMIGS IMproved steadily by 11%, led by the
Nordic region. All advanced economies have been Average score

able t0 achieve 100% access 10 eectricty and

develop relable energy systems, but suffered greatly @ 3% A 7%
on affordabiity because of high energy prices n o 7%

the past three years. The group made tremendous

advances on regulatory policies, infrastructure, human

capital and financial rvestment, but lags on NNovation

where it could make ploneenng developments.

This group showed the sloweat gan, with ETI scores
Increasing 5% over the last decade. The growp keads
on the sustainable dimension due 10 haavy use of
hydroslectric power. But surprisingly, its investment in
renewables scores declined by 65% over 10 years. The
Renewables In Latin Amenca and the Carbbean inttiative,
created at the end of 2019, aims 10 fulfil 70% of the
Oroup's eectric enargy consumplion with renewables by
2030. Latin America produces several minerals necessary
for clean energy technologes and could davelop s
firrnly set mining sector 1o diversify into new minerals. To
uniock further improverments, the group can strengthen
s enabiing environment, whare agan &t showed a
modast growth of just 8% in 10 years. it should focus

on leveraging its advantage In Natural resources 1o boost
nnovation, promoting pubiic-private partnerships for
better credit access, and INtroducing enviconmental tax
reforms for long-term benefits.

Middie East, North Africa and Pakistan

The scores for the Middle East and North Africa and Paidstan
grew by 8% In the last decade and have been flat for the past
three years, where the haavy relance on ol revenues continues
to pose challenges on the path 10 a sustanabie energy
transition. Even though subsidy scores Improved by 200% — the
madmum for any group ~ thay plunged 33% In the last year
alone. This group needs to catch up on sustainable scores by
reducing energy intensity and share of GHG emissions. On
transition readiness, it was at par with other groups with a 20%
gain over the last 10 years bt showed the masdmum decline
on innovation. Directing s investments towards development of
envieonmental technologies can halp on thes front.

Sub-Saharan Africa

Sub-Saharan Africa’s energy transition growth of 11% has been one of
the Most promising In the last decade. and it is the strongest perdormer of
all groups on the sustainable dimension. On certain parameters, such as
scores for regulatory indicators for sustanable enargy (RISE), creation of
green jobs, and reguiation and poltical commitment, it was also the best
parformer. Sub-Saharan Africa showed the madamum gan of 18% on & 7%
scores on the equitable dmension In the past decade, but recent trends

show a sliowdown, about which the region should be cautious. It needs

10 focus on IMpProving its energy Mix and hamessing its abundance of

natural resSources 10 transition faster 10 a low-carbon aconomy. The

group can do S0 by attracting giobal Investments, leveraging pubiic-

private partnerships and strengthening s nfrastructure.

50.5

Average score

@ 9% M 8%

INSIGHTREPORT,JUNE2023

53.4

Average score

@ 51% A 39%

Gnd 46%

Puntuaciones regionales e informacion clave: puntuaciones medias por grupos

Emerging and developing Asia, home to

the popuious countries of India and China,
mproved s ET] scores by 12% in the last
decade. While this is one of two groups that
have made greater than 10% improvemeant on
the aguitable dmension In the past decade, &
Ncreased fusl subsidles dramatically in the last
year. Perdormance on the sustanable demension
remains flat with worsening carbon intensity. The
group should focus on Improving both security
and sustanabiity given the ensrgy demand per
capita is projected 1o double by 2050. With a
28% increase in enabiing environment scores, the
region has strengthenad its policy framework and
financing environment. Focusing on iInnovation,
adding more renawable capacty and diversfying
the enargy mix by moving away from fossil fusls
can accelerate the transition for this group.

a

% of global popUEation

% of ghobal total enegy supely

% of gobal OO, emissions

Emerging and developing Europe
This group showed the most promising
growth, increasing ETI scores by 13% over

Average score the past decade. But problems mounted
ast year as the energy crisis hit the group

3% A 3% the hardest, leading 10 a decine in scores.
3% The wholesale prces of electrcity and gas

have surged 15-fold since the beginning
of 2021, severely affecting households
and businesses. The group performed
well on transition readiness, with a gan of
22% In s scores. In the past thyee years,
he group signiicantly improved on acdaing
claan energy jobs and on nvestments

n renewables, which was reflected in its
renewable capacity addition scores. In

the short term, these countries need o
focus on reducing energy demand and
Increasing afordabiity for thelr Consume s,
while continuing 10 strengthen ther
readiness for the future.
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* La energia fosil afecta el ciclo natural del carbono
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The global carbon cycle
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Fuente: Carbon Budget 2023. Earth Syst. Sci. Data, 15, 5301-5369, 2023
https://doi.org/10.5194/essd-15-5301-2023
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Las plantas C3 se caracterizan por el compuesto inicial que se
forma durante su proceso de fijacion de carbono. La primera
molécula organica estable producida es un compuesto de tres
carbonos llamado 3-fosfoglicerato (3-PGA)

Las plantas C3 generalmente prosperan en entornos con
temperaturas mas frescas, abundante agua y una intensidad de
luz moderada. En estas condiciones, su proceso fotosintético es
muy eficiente, ya que los estomas pueden permanecer abiertos
durante largos periodos, permitiendo un flujo constante de
dioxido de carbono.

En este mecanismo se presenta la fotorrespiracion, un
proceso inutii que consume energia y carbono
previamente fijado, liberando dioxido de carbono sin
producir azucares.

Fuente: GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 17, NO. 1, 1006, doi:10.1029/2001GB001807, 2003
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La via fotosintética C4 representa una adaptacion que minimiza
la fotorrespiracion, especialmente en ambientes calurosos y con
mucha luz. Esta reacciéon produce un compuesto de cuatro
carbonos, oxaloacetato, lo que le da nombre a la via. Este
compuesto de cuatro carbonos se convierte rapidamente en
azucares

Las plantas c4 también muestran una mayor eficiencia en el uso
del agua, lo que significa que pueden producir mas biomasa por
unidad de agua transpirada. Esto permite que las plantas C4
prosperen en entornos con agua limitada. Las plantas C3, al no
tener este mecanismo especializado, sufren una mayor
reduccion en la fotosintesis bajo estrés hidrico debido al aumento
de la fotorespiracion.

Fuente: GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 17, NO. 1, 1006, doi:10.1029/2001GB001807, 2003
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Las adaptaciones distintas de las plantas C3 y C4 influyen en su distribucion global y en su presencia en varios
ecosistemas. Las plantas C3 dominan las regiones mas frias y humedas, formando muchos bosques templados y
praderas. Las plantas C4, con su eficiencia en altas temperaturas y condiciones de sequia, son prominentes en praderas

tropicales y subtropicales, sabanas y regiones aridas. Esto muestra como diferentes estrategias fotosintéticas permiten a
las plantas colonizar distintos nichos ecoldgicos.
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Consumo y precios unitarios para un conjunto de bioderivados en USA. (USD$ 2025).
Data and Tools | Bioenergy and Bioeconomy | NLR

la agroindustria
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Fuente: (2025), 12th Edition. GLOBAL BIOENERGY STATISTICS REPORT
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Uso de energia renovable en el sector transporte, 2023
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Total Biofuels = Renewable Electricity Biofuels (%)
Africa 0.008 0.003 0.005 36
Americas 3.04 2.99 0.047 98
Asia 1.01 0.767 0.243 76
Europe 1.05 0.889 0.162 85
Oceania 0.047 0.034 0.013 72

Alvaluesin B Source: IEA
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Fuente: OECD — FAO, 2026
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Produccion global, consumo y uso para
biocombustibles de los aceites vegetales
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Produccion global, consumo y uso para
biocombustibles de la cana de azucar, 2025.

Million tonnes

1950

1900

1850

1800

1750

1700

1650

1600

22%
22%
21%

2019

2020 2021 2022 2023 2024 2025

o Production - Biofuel Use

23%

23%

22%

22%

21%

21%

20%

20%

19%

19%

Biofuel Use (%)

a&cenipalma 31‘55& aﬁedepalma

Fuente: (2025), 12th Edition. GLOBAL BIOENERGY STATISTICS REPORT
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Q La produccion de  biocombustibles N

liquidos aumentdé un 8% en 2024,
continuando con la senda de crecimiento
de la ultima década.
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O El etanol es el biocombustible mas 2=

producido, principalmente por el aporte de 40 / o
USAy Brasil. >0 /._/.

O El biodiesel alcanzé un pico de 50 o s - -
mi”ardOS de IitrOS y el diesel renovable 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

multiplicd por 10 su produccién de 2014.

Production (billion liters)

—o-—Biodiesel —e—Bioethanol —e—Renewable Diesel —ao— Biojet

O Comparativamente, el SAF cumple sus
primeras etapas de introduccién a los
mercados.

Fuente: (2025), 12th Edition. GLOBAL BIOENERGY STATISTICS REPORT
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Las barreras de mezcla (blending wall) para el uso del biodiesel
presentan una dinamica creciente

Advanced Biofuels USA, a nonprofit educational organiza
=7 asthei diate solution to reduce greenh gas emis
ADYANGED e i s

> INDONESIA, prinCipaI productor de biodiesel planea B40 para 2026 y HOME ABOUTUS BIOFUEL BASICS R&DFOCUS RESOURCES EDUCATION POLICY NEWS ADVANCED SEARCH

BUSINESS NEWS/ANALYSIS US LEGISLATION US REGULATION USLITIGATION ORIGINAL WRITING WHITE PAPERS ADVANCED BIOFUELS L
B50 para 2035.

Indonesia's 50% Biodiesel Blending Rate Takes Effect

Business News/Analysis Feedstocks Field/Orchard/Plantation Crops/Residues Indonesia Marketing/Market Forces and Sales Middle

East Opinions Policy

» BRASIL establece B14 desde marzo 2024 y supera por tercer afio e —_
. .y uly 03, © Print This Article are it With Friends
COﬂSGCUthO a USA en Ia prOdUCCIOn tOtal B1 5 deSde AgOStO 1 2026 by Bernadette Christina (Reuters) Indonesia's new 50% biodiesel blending mandate took effect on Wednesday (July 1, 2026),

requiring a fuel blend of half palm-based diesel and conventional diesel known as B50, even as stakeholders await a revised
biodiesel allocation from the government.

» La produccion de biodiesel en CHINA disminuyo un 18% en
2024, debido a medidas anti-dumping de la Union Europea.

Brazil raises biofuel blending levels

aising the
energy lobbles
y

Brazil's Natis
level of bioft
self-sufficien

Policy Council (CNPE) approv

ecided to hold the bi
push up

groups disputed
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petroquimicos con base en su numero de cadenas de
S — CarbOnO

N° de Carbonos C3-C4C5 C6 C7 C8 C9 C10C11C12|C13 C14 C15 C16 C17C18 C19)C20>C20
PEB a 760 mm n-parafina
°C 36 69 98 126 151 174 196 216|235 253 270 287 302 316 3291343
°F 97 156 209 258 303 345 384 421|456 488 519 548 575 601 625649

LPG e

Gasolina < >
Nafta de precipitacion @<4———»

Keroseno < >
Combustible JET < >

IIDieseI No. de Carbonos Isomeros F >

Gasoleos 4 2 )

8 18 < >
Lorus 12 335

Residuos, Asfaltos 18 60.523 Cu &—P
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Potencial productivo de la cadena agroindustrial de la cana de azucar
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La
concentracion
de potencial de
biomasa es
fundamental
para abordar la
escala de
biorrefineria
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Hydroprocessed Esters and Fatty Acids (HEFA)
Fischer-Tropsch (FT)

Hydrothermal Liquefaction (HTL)
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Overview
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Feature

LCA
result
[31]

Fuente:

Comparacion de procesos representativos para la produccion de SAF

MASS Non-food biomass
PTL

HEFA

Waste cooking oil
Animal and vegetable oils
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Hydrocracking from oils
and fats

H,

Catalytic
reaction

El——2V
Waste water

Suual ophy

Commercialized

- Low cost

ATJT

Fermentation ethanol
(Biomass gasification process
is being developed)

Modification from
fermentation ethanol

Waste water. ash

Commercialized

- Low cost about fermentation

- Heat and H, are necessary to - Heat and H, are necessary to

input

13.9-60.0 gCO,/MJ
Fuel cultivation : 45%
Fuel production : 45%
Others : 10%

input
24.0 - 55.8gCO,/MJ
Fuel cultivation : 45%
Fuel production : 45%
Others : 10%

Gasification + FT
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Waste water. ash

Demonstration plant Demonstration plant

- Depend on electricity cost

- Higher cost
and carbon resources

- Low LCA due to biomass
using for the process

5.2-12.2gCO,/MJ
Fuel cultivation : 40%
Fuel transportation : 40%
Others: 20%

(Not estimated)

“An entrained flow biomass gasification technology with the fluidized bed concept for low-

carbon fuel production”. Keigo Matsumoto. Ecosystems Research Department, Research & Innovation.
Center, Mitsubishi Heavy Industries, Ltd. 12, Nishikicho, Naka-ku, Yokohama, Kanagawa, 231-8715,

Japan.
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e 40 Algunos indicadores de desempeno de tecnologias
mas viables para la produccion de SAF

TECNOLOGIA
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CONSUMODE CONSUMO EXCEDENTE CONSUMO
H2 EE EE H20

TON
TON SAF/TON BIOMASA ISR D H20/TON
SAF SAF SAF SAF

11% 0,017 5519 328 39
99% 0,073 33 9
11% 0,002 3429 1012

CONVERSION A SAF

Fuente: Biomass and Bioenergy 145 (2021) 105942


https://doi.org/10.1016/j.biombioe.2020.105942
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U LA DESCARBONIZACION DE LA ECONOMIA

Un encuentro para vivir e
snto e im

conocimient npuisar

S — O Mitigar y reducir la emision de gases de efecto invernadero es una etapa inicial necesaria
para la transicion energética. Existe un portafolio tecnoldgico para este objeto, pero no
necesariamente es una actividad viable desde el punto de vista ambiental y financiero.

0 CCUS = Carbon Capture Use and Storage

O Captura del carbono desde corrientes existentes. Ejemplo: Flue gases o gases de
chimenea luego de la combustion. O la separacion del CO2 directamente del aire.

U Uso: Ultilizacion del carbono como insumo quimico para la produccion de compuestos ya
existentes en el mercado. Ejemplo: Carbonato de calcio precipitado

O Storage: Almacenamiento geoldgico, en el subsuelo. Ejemplo: Inyeccidon en pozos
petroleros agotados.

%cenlpalm 31&%. %sdepalma




e Combustibles sinteticos

El combustible sintético es un compuesto liquido o gaseoso creado a partir de fuentes que
no son petroéleo, disenado para imitar los combustibles convencionales y al mismo tiempo

\““», f:;f:j‘:" ’ » . .
S — ofrecer posibles beneficios neutros en carbono.
PASSENGER HEAVY OTHER SECTORS
E-FUELS CARS DUTY MARITIME AVIATION (NON TRANSPORT)
Gas [ e-methane (CH,) | x | KX X
' e-hydrogen (H>) x x
Liquid | e-ammonia (NHx) x xX KX X ]
| e-methanol (CH,OH) x x |
' e-DME/e-OME x
e-gasoline | x
o-diese | < o L e
e-jet XXX
X's are an initial estimate of the relative potential role of different e-fuels a < segments (Nno = NO envisage ote al)
Green = primary use;. blue = secondary use: yellow = MminNority use Other sectors’ include industry. building and
Table 2: Qualitative overview of e-fuels
LOWER HEATIN
C:IALUE (LHV), < ADDITIONAL POWERTRAIN
E-FUELS MI/ kg /7 MI/litre STORAGE INFRASTRUCTURE DEVELOPMENT
Gas - e-methane | 46.6 / 0.04 Medium*~ | No 1 No
: e-hydrogen _ 120/0.01 Difficult J Yes | No®©
Liquid e-ammonia 18.6/14.1 Easy \ Yes Yes
. e-methanol | 19.9/7 15.8 Easy No | Yes
e-DME | 28.4/19.0 Easy Yes il| Yes
e-OME | 19.2 /7 20.5 Easy Yes | Yes
e-gasoline | 41.5/31.0 Easy No ' ‘ No
e-diesel | 44 0/ 343 Easy No | No
e-jet® | 44.1/33.3 Easy No ] No
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El uso del CO2 puede tener dos alternativas principales.
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Olefins > Plastics

El CO2 proveniente de la biomasa promueve que el ciclo de vida de los
productos finales sea carbono negativo
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CCUS = Carbon Capture Use and Storage. Uso para
olefinas sinteticas

H, Gris / H, Verde

Flue gas Unidad 80°C/ 5 bar / 80°C/ 5 bar Agua
15% w Separacion
A 4
CO2 Concentrado C02 CPOx . Fischer- . Olefi
S (seco, pureza > 90%) Tropsch elinas
48,1 % C, (etileno)
90 w-% CO, 21,0 % C, (propileno)
Componen ) i
g Stream Casos C02 90 % C02 15 % 30,9 % C4 (butllenO)
vol-% w-% vol-% w-% .
Simulados w w
Cco, 80,217 % 91,039% 16,173 % 24,572 %
H,0 18,000 % 8,363% 17,820% 11,083 % . Gas de Purga
0, 0,126% 0,104% 3,599% 3,976 % H, Gris Caso 1 Caso 3 22— 24 MUIKg
N, 0,519% 0,375% 62,407 % 60,368 % o o
H, 1,053% 0,055% - - aprox. 70%
Isopentane 0,018% 0,034 % - - H, Verde Caso 2 Caso 4 N,< 10%
Methane 0,055% 0,023% - - H, <10 %
cO 0,011% 0,008% - - CH,y CnH2n < 0,5%
Separacion
CO, (amina)

%cenlpalm 31&%. %sdepalma
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Sin embargo, sintetizar nuevos compuestos a partir del CO2
separado y concentrado, puede generar nuevas emisiones debido a
los consumos de energia adicionales

Un encuentro para vivir e
ento e iImpuisa
la agroindustria

UNIDAD
FUNCIONAL

15 w6 of 90 w-% CO, )/ :
con?aci);in stream from kg Olefinas
¢ steam reforming
flue gas

\\ Co;,
capture & 2

Alternative parts

System boundary D Process steps of the process
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I purification | Recycling Cs,, | ,

| /| cHiaco, | | i

I v | | !

Combined : oo I |

| H.0 ) CO, H, Fischer- o-olefins | !

| PEM 4 reforming Tropsch (Cs, Cs |
I electrolysis and r'wGs P & C, I . )
| | I

| I

by - - — — A e e - .

i |

Steam reforming | .

hydrogen |

& bought oxygen |

Required inputs inside Required process steps
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